Abstract
Introduction

16
The Schmidt & Sickles (1984) (SS) time-invariant efficiency estimator export and import efficiency to and from one another via competition. is given in equation (1). We do not discuss spatial panel data models in 31 detail here but for comprehensive and up-to-date surveys see Baltagi (2011, 32 2013).
33
C it =κ + α i + τ t + TL (h, q, t) it + λ N j=1 w ij C jt + z it φ + ε it ,
(1) i = 1, . . . , N ; t = 1, . . . , T .
N is a cross-section of units; T is the fixed time dimension; C it is the logged 34 normalized cost of the ith unit; α i is a fixed effect; τ t is a time period effect;
35
T L (h, q, t) it represents the technology as the translog approximation of the 36 log of the cost function, where h is a vector of logged normalized input 37 prices, q is a vector of logged outputs and t is a time trend; λ is the spatial 38 autoregressive parameter; w ij is an element of the spatial weights matrix,
39
W ; z it is a vector of exogenous characteristics and φ is the associated vector of W are set to zero. λ is assumed to lie in the interval (1/r min , 1), where 46 r min is the most negative real characteristic root of W and because W is row-normalized 1 is the largest real characteristic root of W .
48
Equation (1) is estimated using maximum likelihood where the log likeli-49 hood function is:
We ensure that λ lies in its parameter space, account for the endogeneity 51 of the spatial autoregressive variable and the fact that ε t is not observed by 52 including the scaled logged determinant of the Jacobian transformation of ε t 53 to C t (i.e. T log |I − λW |) in the log-likelihood function. We estimate equa- We can rewrite equation (1) as follows where the i subscripts are dropped 62 to denote successive stacking of cross-sections.
where ι is an (N × 1) vector of ones; α is the (N × 1) vector of fixed effects;
64
Γ t is an (N × K) matrix of stacked observations for T L (h, q, t) t ; and β is a vector of translog parameters. LeSage & Pace (2009) 
71
The matrix of direct and indirect elasticities for each unit for the kth 72 component of the translog function are given by:
Since the product of matrices in equation (4) the sum of the mean direct and mean aggregate indirect effects. We calculate 83 the t-statistics for the mean effects using the delta method.
84
Unit specific effects from a deterministic spatial frontier model can be 85 used to calculate time-invariant and time-variant efficiency by applying the 86 non-spatial SS and CSS estimators, respectively, where the efficiencies are 87 comparable to those from a non-spatial deterministic frontier model using 88 the same procedure (see Druska & Horrace (2004) and Glass et al. (2013) ).
89
We extend the CSS methodology to the spatial autoregressive case and thus 90 estimate direct, indirect and total efficiencies, which involves recognizing
of total fixed effects. Equivalently using column vector notation: The aggregate indirect efficiency from equation (7) 
(9) Taking logs of equation (9) omitted.
146
We also include a number of z-variables which shift the cost frontier 147 technology. To capture the effect of differences in tax conditions across states
148
we include the ratio of personal current tax payments to personal income (z 1 ).
Since the density of economic activity in a state is not meaningful because 150 parcels of land are often not productive, we follow Ciccone & Hall (1996) 
Estimation Results
171
In that the fixed effects are not jointly significant at the 0.1% level.
178
1 The tax and income data to calculate z 1 , the county employment data to calculate z 2 and the industry level state GDP data to calculate z 8 and z 10 was obtained from the Regional Economic Accounts. z 3 -z 7 were calculated using data from Highway Statistics. z 9 is calculated using data from the Regional Economic Accounts for the industries which constitute the service sector in the Annual and Quarterly Services Report. Note: *, **, *** denote statistical significance at the 5%, 1% and 0.1% levels, respectively. SD denotes spatial dependence. t−statistics are in parentheses. 
Concluding Remarks
242
We have extended the non-spatial CSS efficiency estimator to the case 243 where there is spatial autoregressive dependence. A more detailed empirical 244 application of our estimator covering asymmetric efficiency spillovers would 245 be a worthwhile area for further work.
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